INTRODUCTION
============

Angiogenesis is a complex multi-stage process that leads to the formation of new blood vessels from pre-existing capillaries. It is essential for various physiological processes, such as the growth and development of organs, capillary growth, the reproductive cycle and the healing of wounds. On the other hand, it may also contribute to the development of various pathological processes, such as rheumatoid arthritis, diabetic retinopathy, and the growth and metastasis of tumors [@B1], [@B2].

The creation of new blood vessels is regulated by a delicate equilibrium between signaling molecules of a pro- and anti-angiogenic nature. After activation of the endothelial cells by a pro-angiogenic stimulus, the new vessels are formed by a series of complex morphological and biochemical events in various stages. As a result, one finds events such as the degradation of the base membrane and remodeling of the extracellular matrix, where the action of proteases secreted by the endothelial cells brings about important changes in the cell-adhesion mechanisms, culminating in migration and proliferation of endothelial cells and the formation of the endothelial capillary tube [@B3], [@B4], [@B5].

Various studies suggest that vascular endothelial growth factor (VEGF) is the main mediator of the onset of angiogenesis and that this cytosine is capable of inducing vasodilation by producing nitric oxide (NO), and also of increasing the permeability of endothelial cells, or even stimulating the proliferation, survival, migration and differentiation of these cells (CE) [@B4], [@B6], [@B7].

Recent research has shown that vascular cells can produce reactive oxygen species (ROS) through NADPH oxidase. In fact, free radicals may play an ambiguous role in neovasularization, if, on the one hand, high concentrations of ROS causing oxidative stress, lead to apoptosis, while low levels function as signaling molecules mediating the proliferation and migration of the CEs, which may help to spread angiogenesis in vivo [@B8], [@B9]. According to Urao [@B8] ROS levels may be determined by the mechanisms that control the production of oxidant species associated with the activation of enzyme systems that perform an antioxidant function.

Understanding the role of ROS in triggering the formation of new blood vessels may enable these components to be classified as potential targets for treatment of angiogenesis-dependent diseases, leading us to infer that substances capable of modulating the action of these oxidants on tissue could be important allies in the control of neovascularization in pathological processes [@B4], [@B10].

On the other hand, it is known that many natural products contain important combinations of ingredients that may to some extent help to modulate the effects produced by oxidation substrates in biological systems.

The wood of *Caesalpinia echinata* Lam. (Fabaceae), commonly known as Pau-brasil, has thus been reported to contain a wide range of polyphenols, in particular flavonoids (brazilin and its derivative brazilein), in addition to lignins and lower concentrations of tannins and coumarins [@B11], [@B12], [@B13]. In view of this, it may be that this broad and diverse range of polyphenols, with known antioxidant properties [@B14], plays an important role in the modulation of expanding angiogenic systems, as, for example, in the local circulation of blood in the corneas of animals stimulated by irritant substances.

It is worth noting that different parts of pau-brasil are commonly used as adstringents, healing agents, oral analgesics and tonics, with the bark of the trunk also being used to treat diarrhea and dysentery and to strengthen the gums [@B15], [@B16], [@B17]. Studies have also shown that this species also has properties of medical interest, in particular antimicrobial, antifungal, anti-inflammatory, anti-nociceptive and antitumor properties [@B11], [@B18], [@B19], [@B20], [@B21], [@B22] (FREIRE, 2004; SOUZA, et al., 2004; GRANGEIRO, 2009; SHEN, et al., 2007; YEN, et al., 2010).

In view of this, the main aim of the present study was to evaluate the antioxidant and antiangiogenic properties of the ethanol extract of *Caesalpinia echinata* Lam, in a model of inflammatory angiogenesis in the corneas of albino Swiss Wistar rats.

METHODOLOGY
===========

Ethanol extract of Caesalpinia echinata
---------------------------------------

The botanical material (wood) of *C. echinata* was harvested in December 2008, in the municipality of São Lourenço da Mata, Pernambuco, Brazil. The exsiccate of these specimens was identified by a botanist (Marlene Barbosa) and duly catalogued and stored in the Geraldo Mariz herbarium, at the Federal University of Pernambuco, with the identification tag 41,764.

After proper cleaning and processing of the material, the extract was obtained by shredding the wood of *Caesalpinia echinata*Lam. and marinating it in 98.2° GL ethanol for 72 hours, for subsequent desiccation in a Heizbed OB type evaporator, Heidolph 30-180C 1300W. The resulting material was re-suspended in 0.9% saline solution for future use.

Animals
-------

*Rattus norvegicus* var. albino Wistar rats weighing around 180g were used. The animals were kept in polypropylene cages, in a 12h light/dark cycle at a temperature of (22 ± 2°C). Feeding was in the form of "pellets" and water ad libitum. Before division into groups, the animals underwent a clinical evaluation, the exclusion criterion being the presence of negative clinical signs or eye diseases.

The experimental protocol was approved by the Animal Experiments Ethics Committee of the UFPE, process n° 23076.056746/2012.

Antioxidant activity of the DPPH free radical
---------------------------------------------

Antioxidant activity was determined by the sequestration reactions of the stable DPPH^•^ radical (2,2-diphenyl-1-picryl-hydrazyl), for molecular components present in the extract of C. *echiinata* according to the methodology suggested by Blois [@B23].

A 20 mg/mL methanol solution of DPPH^•^was prepared, so as to present absorbance of 517 nm between 0.6 and 0.7. An alíquot of 250 µL of this solution was mixed with 40 µL of different concentrations of extract. Thirty minutes later, the absorbance was measured at 517 nm. Gallic acid was used as the reference compound for this assay and tests conducted in triplicate.

Analysis of Nitric Oxide (NO) Sequestration *in vitro*
------------------------------------------------------

Nitric oxide was produced from sodium nitroprusside and quantified using the Griess reaction following the method described by Marcocci et al [@B24]. Sodium nitroprusside, in a pH 7.4 water solution, spontaneously generates nitric oxide, which in turn interacts with oxygen to form nitrite ions, which can be measured using the Griess reagent. The molecular extracts of nitric oxide compete with oxygen, reducing the production of nitrite ions. For the experiment, 10 mM sodium nitroprusside in a phosphate buffer (PBS - pH 7.4) as added to different preparations at concentrations of 10, 25, 50, 100 and 200µg/mL of extract of *C. echinata*, both incubated at 25º C for 150 min. Then, 0.5 mL of Griess reagent (1% sulfanilamide, 2% H~3~PO~4~ and 0.1% naphthyl ethylenediamine dihydrochloride) were added to each sample. The absorbance of the chromophore formed was read at 540 nm, using gallic acid as the positive control.

The results were expressed in terms of minimum inhibitory concentration (I~c~), with the percentage inhibition given by the formula I~%~ = \[(A~c~ - A~s~)/ A~c~\] . 100 where A~c~ is the absorbance of the control and A~s~ the absorbance in the presence of the extract. A relation was established between the concentrations of the extract and the I~c~ given by regression analysis, using a Prism Grafic Pad Version 5.0 spreadsheet.

MTT assay
---------

Cell viability was evaluated using the MTT assay which measures the metabolic conversion of the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT; Sigma-Aldrich) salt to the colored formazan dye. Vero cells (1×10^5^/mL) were incubated in a 96-well plate in quadruplicate for 24 h. Cells were then treated with extracts (10, 25, 50, 100, 200 μg/mL) for 24 h. At the end of the incubation, the medium was removed and a MTT solution (5 mg/mL in RPMI) was added to the cells that were further incubated for 3 h. Afterwards the medium was removed and the intracellular formed formazan product was dissolved in DMSO. The optical density (OD) was measured at 595 nm in a microplate reader (Benchmark plus, Bio-Rad, Califórnia, EUA). Cell viability was calculated in comparison to the OD obtained by control cell, considered as 100%.

Protective effects against H~2~O~2~-induced damage
--------------------------------------------------

Vero cells (1×10^5^/mL) were incubated in a 96-well plate in quadruplicate for 24 h. Cells were then treated with extracts (10, 25, 50, 100, 200 μg/mL) for 30 min and subsequently with H~2~O~2~ (1 mM) for 24 h. At the end of the incubation, the medium was removed and a MTT solution (5 mg/mL in RPMI) was added to the cells that were further incubated for 3 h. Afterwards the medium was removed and the intracellular formed formazan product was dissolved in DMSO. The optical density (OD) was measured at 595 nm in a microplate reader (Benchmark plus, Bio-Rad, Califórnia, EUA). Cell viability was calculated in comparison to the OD obtained by control cell, considered as 100%.

Antiangiogenic Activity
-----------------------

For evaluation of antiangiogenic activity, Wistar rats were divided into two groups, one treatment group (n=9) and one control (n = 8). After a five-day acclimatization period, these animals were anesthetized with a combination of xylazine (50mg/Kg) and ketamine (50mg/Kg) (im), complemented when handling the animals with instillation into the conjunctival sac, of two drops of 0.5% proxymetacaine hydrochloride local anesthetic. Once anesthetized, each animal underwent a procedure to pull back the eyelids, exposing almost the whole surface of the cornea and the superior limbus region. Each animal was thus cauterized in the upper edge of the right cornea, with the aid of 16X microscopic surgery. A 3 mm diameter circular paper filter, previously soaked in a solution of sodium hydroxide (NaOH) 1M for 1 min was used for this. The paper filter was then placed about 1 mm from the corneo-conjunctival limbus, and left there for 30s. Shortly thereafter, the eye was rinsed with 10ml of 0.9% saline solution, to remove excess NaOH. This technique produced a circular, homogenous, well-defined cauterization site of about 3.5 mm in diameter [@B25].

After 18 hours, the animals received specific treatment with a single dose of 10µL alcohol extract solution plus Tween 80, at a final concentration of 100mg/mL, if in the treatment group. The animals in the control group received 10µL of saline solution. After 18 days, the animals were anesthetized according to the anesthesiological protocol described above, and, using a digital camera attached to the eyepiece of the surgical microscope, images of the area of the eye treated were obtained, with magnification of 16X.

The images were transferred to a computer database and made available in Microsoft Paint format for enlargement and evaluation of the density of vessels in a circular area arranged in front of the pupils. The surface area A was obtained using the formula A = 4/3πr^3^, where r is the radius.

RESULTS AND DISCUSSION
======================

Antioxidant activity of the DPPH free radical
---------------------------------------------

Oxidative processes form an essential part of biochemical mechanisms related to functions such as cell respiration and has important relations to other aspects of metabolism. Different types of free radical can thus be produced naturally in the organism. In view of their abundance and application to different aspects of the functioning of the organism, the most commonly studied types of possible physiologically administered radicals have been reactive oxygen species (ROS).

Many researchers have observed that, in low concentrations, reactive oxygen species (ROS) appear to have beneficial functions related to clear physiological responses, such as defense against infections agents, cell growth regulation, intercellular and intracellular signaling, and synthesis of important biological substances, such as steroidal hormones [@B26]. However, an excess of these appears to be associated with the development of various diseases, such as those related to oxidative stress, including cancer, cardiovascular disease, cataracts, a compromised immune system and brain dysfunctions [@B27], [@B28].

Under many circumstances, the mechanisms available to certain types of organism for controlling free radicals, even against ROS, are not efficient within a certain time limit. This leads to the introduction so-called antioxidant agents, which are compounds that, even at relatively low concentrations, protect the biological system from the harmful effects of the oxidation process. Normally, exhibit an extensive capacity to stabilize these kinds of radical before they can cause cell damage [@B26], [@B29].

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical is normally used to evaluate the ability of antioxidant compounds to sequester free radicals. DPPH• is a stable radical that accepts the transfer of one electron from an antioxidant compound and, when undergoing electron reduction, loses its purple color, thereby affecting the absorbance of the medium [@B30], [@B31], [@B32].

In the present study, EE*Ce* performed satisfactorily in terms of capturing the organic DPPH radical, with an IC~50~ of 42.404 µg/mL, which was better than the performance of gallic acid (IC~50~= 165.070 µg/mL), with a percentage difference of 74.3%.

Figure [1](#F1){ref-type="fig"} shows the performance of the extract at different concentrations (10, 25, 50, 100 and 200 µg/mL) in terms of stabilization of radicals, where it can be seen that the antioxidant response improves with increased concentration, creating a dose-dependent effect in the antioxidant activity of the extract with regard to the DPPH radical, indicating that, in general, a substrate that exhibits great potential to sequester free radicals has a low IC~50~. Figure [1](#F1){ref-type="fig"} shows that, from 50 µg/mL onwards, the percentage inhibition of the DPPH radical tends to be constant, suggesting a saturation point, under the experimental conditions used for these assays.

In our previous studies of the phytochemical composition of *C. echinata* we discovered the presence of polyphenols (flavonoids, tannins and coumarins) [@B11]. Fukushima & Fuzeto [@B12] have reported the presence of lignins and both results accord with the report made by Rezende et al. [@B33], who point to phenol derivatives C6-C3 as the most commonly observed metabolites in species of the genus *Caesalpinia*.

Phenol compounds are normally able to interfere in a series of physiological events in animals, including those relating to oxidation processes [@B14]. It is worth noting that various authors have suggested that brazilin, a homoflavonoid, is the main pharmacological product of interest in the wood of pau-brasil. It should be added that brazilin can be transformed into brazilein on contact with air or light, owing to an oxidation process in which the hydroxyl of brazilin is converted into a carbonyl group [@B13]. Both brazilin and brazilein have important antioxidant properties [@B34], [@B35]. The mechanism of action involved in the antioxidant activity of brazilin must be connected to its ability to oxidize in the presence of radical (e.g. reactive species of oxygen and nitrogen), resulting in a more stable, less-reactive radical. This happens due to the high reactivity of hydroxyl group of the flavonoids, able to inactivate the radicals, according to the diagram in Figure [2](#F2){ref-type="fig"}.

Analysis of *in vitro*sequestration of nitric oxide (NO)
--------------------------------------------------------

Endogenous nitric oxide (NO) is mainly produced from its precursor, the amino acid L-arginine, in the vascular endothelium, by phagocytes and some kinds of brain cell, performing a variety of roles in various physiological systems [@B36], [@B37]. However, in excess, it may be associated with the genesis of various diseases [@B38], [@B39]. These studies evaluated the capacity of the ethanol extract of *Caesalpinia echinata* (EE*Ce*) to inhibit "in vitro" production of nitric oxide through the mediation of sodium nitroprusside. Figure [3](#F3){ref-type="fig"} leads us to infer that different concentrations of EE*Ce* (10, 25, 50, 100 and 200 µg/mL) inhibited production of the NO radical in a dose-dependent manner. The IC~50~ was 234,200 µg/mL, with the same type of analysis applied to the gallic acid standard giving a result of IC~50~= 174.560 µg/mL. These data suggest that *EECe* has an inhibitory effect of only 25.49% in relation to gallic acid.

It is interesting to note here that the inhibitory effect on the NO radical obtained was practically the inverse of the inhibitory effect achieved from the evaluation of DPPH, as the data in Table [1](#T1){ref-type="table"} show. A careful look at the IC~50~ figures for *C. echinata* shows that this parameter was 81.9% greater than NO, revealing a greater impact on the identification and capture of this type of radical.

In fact, at least three types of enzyme systems of the nitric oxide synthase---NOS---type can be associated with the production of NO and L-citrulline, depending on the availability of oxygen and nicotinamide dinucleotide phosphate (NADPH) as cofactors, in addition to the L-arginine substrate. Two of these systems depend on Ca^++^ and these are called constitutive with regard to neuronal (NO-1 or nNOS) or endothelial (NO-3 or eNOS) systems, while one is independent of Ca^++^ (NOS-2 or iNOS), known as induced, and associated with cell types such as macrophages, microglia, and others that are responsible for mediating inflammation, such as lipopolysaccharides in bacterial membranes, endotoxins and cytokines such as IL-1β, TNF-α and INF-γ [@B40], [@B41].

There are many disorders of the mechanisms regulating NO production, ranging from modifications of the G-protein-coupled receptors in membranes, brought on by saturation of H^+^ type ions in cases of ischemia, or a fall in levels of Mg^2+^cytoplasm associated with metabolic disorders [@B42]. In cases of sepsis or tissue destruction, overproduction of NO may be mediated by macrophages, leading to generalized vasodilation and serious cardiovascular ramifications [@B43]. The results achieved in the present study suggest that extract of *C. echinata*may help to reduce the number of NO radicals in patients with organic disorders that make it possible to produce this type of radical, in a dose-dependent manner.

Jayakumar & Kanthimathi [@B44] note that nitric oxide is a free radical involved in the pathogenesis of cancer, as its presence changes the mechanisms associated with the vascularization dynamics of tumors and metastases. In fact, many studies indicate that nitric oxide plays a part in neo-vascularization, since its release is normally associated with events linked to the angiogenic cascade [@B45], [@B46], [@B47].

As noted above, the presence of polyphenol compounds in *C. echinata* wood may be associated with its capacity to inhibit free radicals. Research on antioxidant substances has shown that these kinds of compounds are capable of reducing inflammatory edema, inhibiting angiogenesis and the proliferation of tumor cells [@B44], [@B47], [@B48], [@B49].

In other studies carried out by this work group, it was shown that the ethanol extract of *C. echinata* was capable of reducing edema induced by carrageenan in rats\' paws, and inhibiting the growth of Ehrlich\'s carcinoma and 180 sarcoma in "in vivo" assays [@B11].

MTT Test
--------

The natural products have been an important source of antineoplastic components. It is known that many plants have significant antitumor properties [@B50]. *C. echinata* has demonstrated in previous studies a marked antitumoral effect in vivo, against the strains Ehrlich Carcinoma and Sarcoma 180. Knowing the possible cytotoxic potential of this vegetable we held a capacity assessment of cytotoxic ethanolic extract of *C. echinata* ahead the lineage of Vero cells.

Figure [4](#F4){ref-type="fig"} shows the activity of ethanolic extract of *C. echinata* about the viability of the culture of Vero cells. The toxic concentrations for 50% of the cells (CC~50~), determined using the MTT dye, was 168.4483 µg/mL (0.17 mg/mL). Here, it is interesting to note that the cytotoxic response intensifies according as increases the concentration of EE of *C. echinata*.

Extracts of vegetable origin which contains principles antioxidants usually present potential cytotoxic and antitumor activity in experimental animals [@B51]. There are no other studies regarding the cytotoxic activity of *C. echinata*, however, this activity has already been observed in other species of the genus *Caesalpinia*, being this activity related to the presence of homoisoflavonoides, diterpenoides, as well as other polyphenolic compounds present in the chemical composition of wood; these plants [@B51], [@B52].

Protective effects against H~2~O~2~-induced damage
--------------------------------------------------

In this experiment, a fibroblast cell culture established from the renal cells of monkey *Cercopithecus aethiops* (African green monkey) was used to investigate the protective properties of EE of *C. echinata*against oxidative stress induced by H~2~O~2~.

The cells pre-treated with EE of *C. echinata* showed significant increase in viability when compared with cells exposed only to hydrogen peroxide, especially in concentrations of 50 µg/mL (12.5 ± 4.63 % ), 100 µg/mL (16.93 ± 3.52 %) and 200 µg/mL (46.52 ± 6.79 % ). The highest concentration tested it was observed that 46.5% of the cells pre-treated with EE of *C. echinata* survived exposure to oxidizing agent H~2~O~2~.

Our data demonstrate that, in in vitro conditions, the EE of *C. echinata* 200 μg/mL exerts an important protective action against the oxidative stress generated by H~2~O~2~. As discussed earlier, this result is possibly due to the antioxidant activity observed in this extract, which is probably related to the ability of polyphenolic compounds in act with antioxidant.

Antiangiogenic Activity
-----------------------

Angiogenesis has been described as one of the main events in the process of tumor growth, interfering in the mechanisms involved in the proliferation of metastases. Apart from cancer, other pathological conditions also persistently stimulate angiogenesis, such as diabetic retinopathy, hemangioma, arthritis, psoriasis and atherosclerosis. In view of this, inhibition of angiogenesis has been proposed as a strategy for combating cancer and other angiogenesis-dependent diseases.

The capacity to inhibit angiogenesis mediated by extract of *C. echinata* was evaluated using a model of inflammatory angiogenesis in the corneas of rats, according to the methodology described by Fechine-Jamacaru; Fechine Júnior; Moraes Filho [@B25], adapted for Wistar rats.

After 18 days of treatment with topical application of EE*Ce* (100mg/mL) at a dose of 10 µL/eye, it was observed that *C. echinata* inhibits the inflammatory angiogenic response caused by cauterization of rats\' corneas with NaOH (1M), giving rise to a substantial reduction in the number of new capillaries (Figs. [5](#F5){ref-type="fig"}A, B and C), showing inhibitory activity (Figure [6](#F6){ref-type="fig"}) of 77.49%.

These data suggest that biochemical components belonging to the extract of *C. echinata* interfere with mechanisms that effect the angiogenic process, mediated by substrates belonging to the arachidonic acid cascade, although the data described above also suggest that NO buffer may contribute in some way to reducing the angiogenic response.

CONCLUSION
==========

By way of conclusion, the results obtained in the present study have shown that the extract of *C. echinata*wood is capable of inhibiting the oxidant activity of DPPH and NO radicals in *in vitro* assays. In addition to presenting protective action against oxidative stress H~2~O~2~-induced. Associated with its antioxidant capacity, the extract also reduced the inflammatory angiogenic response in the corneas of rats.

We hope than further studies can be developed, with more specific experimental models, to shed more detailed light on the biochemical agents and the main mechanisms associated with the action of *C. echinata* in mediating vascular events, especially those associated with angiogenesis in cancer.
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###### 

IC~50~ concentration values that inhibit 50% of the radical in question in μg/mL, used in methods for sequestering the DPPH radical and nitric oxide (NO), comparing the results with the gallic acid standard.

  Samples                  DPPH (IC~50~) μg/mL   NO (IC~50~) μg/mL
  ------------------------ --------------------- -------------------
  *Caesalpinia echinata*   42.404                234.200
  Gallic Acid              165.070               174.560
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